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RADIATION HARDNESS TESTS OF A SCINTILLATING FIBER
CALORIMETER MODULE

S.V.Afanasiev, Yu.S.Anisimov, V.I.Kolesnikov, V.E.Kovtun!,
A.LMalakhov, A.A.Nemashkalo?, A.Para3, V.F.Popov2, Yu.N Ranjuk?,
S.G.Reznikov, E.N.Tsyganov, P.1.Zarubin, A.E.Zatserklyanyi2

Scintillating fiber based electromagnetic calorimeter module has been iested
on radiation hardness. Energy resolution worsened to 18.2% immediately after
irradiation to a dose of 1.25 Mrad comparing with its initial value of 5.4%, while
light output decreased by a factor of 2.75. Further degradation of the
performance as well as partial recovering after rest was observed up to the dose
of 7.5 Mrad.

The investigation has been performed at the Laboratory of High Energies,
JINR.

PaguauuoHHAd CTOMKOCTh KaJIOPHMETPHUECKOIO MOXYJS CO
CUMHTHINSLIAOHHBIMHE HUTSIMH

C.B.Adanacees u ap.

MccenoBana paavMaLoHHas CTOMKOCTh 3NEKTPOMArHUTHOIO KasOpPUMET-
PHMYECKOTO MOAYNS HA OCHOBE CLIMHTWLISUMOHHBIX Hurel. Cpasy nocne obny-
uenus Ro3oit 1,25 Mpaj FHEpreTHUECKOE paspelenue yxyaumnock o 18,2%
110 CPABHEHUIO C HAUANBHOI BeNHUHHOI 5,47, TOTAA KAK CBETOBBLIXOA ynan B
2,75 pasa. JanbHeimas AerpajaLus XapakTepucTMK MORYNd, PaBHO KakK H
4aCTUYHOE BOCCTAHOBIEHHE TOCIE OTAbIXE , HAGMIONANHCH BIIIOTH A0 TIOTAOEH -
Hol nosw 7,5 Mpan.

Pabora suinonxena g JlaGopatopuu Bbicokmux auepruit OUSIH.

Scintillator based calorimeters have been proposed for use in detectors for
~ the SSC. A major question in concern is the survivability of such calorimeters
at the expected lifetime doses. The most intensive radiation damages are
caused by electrons in the maximum of electromagnetic shower, so electron
accelerators with energies of a few GeV are seemed to be very suitable
facilities for such studies.
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Fig. 1. General layout of the scintillating fiber based
calorimeter module

In order to get more information about radiation-induced
deterioration in overall response of scintillator based calorimeters, an
electromagnetic scintillating fiber calorimeter prototype module,
proposed for the spc/V/ , has been tested on radiation hardness. Overall
dimensions of the module are 120x115x250 mm3 (fig.1>. It was
constructed of laminated lead and steel plates 2.5 and 1.9 mm thick,
respectively, with 1.0 mm fibers on a 2.5 mm spacing lying in grooves
rolled in both faces of each lead sheet. The fibers, produced by Kuraray
Co., were made of polystyrene core doped with Y7 (green) wavelength-
shifter and clad with PMMA. Bicron 600 optical epoxy was used to fix
fibers in grooves and to assemble a stack of steel and lead plates. A
hexagonal plexiglass lightguide was inserted between photomultiplier
tube and fiber bundle to distribute light uniformly over the photocathode
surface. Soviet-produced photomultiplier FEU-110 with standard base
divider was used for the tests.

The module was irradiated in a number of steps with 1.2 GeV
electron beam at Kharkov linac. Irradiating dose was distributed
uniformly over the module front surface by scanning with beam spot of
2 cm in diameter. The dose uniformity was monitored by a degree of
darkening of a thin glass plate placed in front of the module during
every irradiation step. The absolute absorbed dose was determined by
measuring of the beam current by means of a secondary emission
monitor with accuracy better than 19%.

Energy resolution and light output were measured with 1.0 GeV
scattered electrons before and after every irradiation step. These meas-
urements were carried out using hardware of magnetic spectrometer
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[ i 1.0 GeV electron

SP-02/%.  Spectra  were
obtained by a multichannel
analyzer with linear gate
triggered by four-fold
coincidence of signals from
three monitoring scintillation
counters and a signal from
the module itself. Measure-
ment #1 was carried out
with nonirradiated module.
Other measurements were
held under the following
gonditions:

#2 - immediately after irradiation to a dose of 0.1 Mrad;

#3 - after irradiation to a dose of 0.4 Mrad and 3 day rest;

#4 - immediately after irradiation to a dose of 1.25 Mrad;

#5 - after irradiation to a dose of 1.25 Mrad and 9 day rest.

Some of these spectra are shown in fig.2. All spectra were fitted with
Gaussian and exponent for peak and background, respectively. The best
fit parameters, in terms of energy resolution and relative light output,
are plotted versus integrated dose in fig.3. Recovering processes during
the rest time can be clearly seen here. Energy resolution worsened to
18.2% immediately after the dose of 1.25 Mrad  comparing with its
initial value of 5.4% while light output decreased by a factor of 2.75.

Irradiation was continued up to the dose of 7.5 Mrad. Further
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quantitative data have not been extracted from those spectra due to low

signal to background ratio. Detailed studies of the radiation damaged
fibers will be carried out.
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